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The introduction presents a good retrospective on ankle sprain simulators, but presents next to nothing on ankle sprain itself. It would be beneficial to see more information on why it is necessary to have combined planar motion during the sprain. 
>> Some information about combined planarflexion and inversion motion during ankle sprain was added in line 23-26.
The methods section provides a nice description of simulator design and use. The photos could be clearer; background clutter and oblique reference frames make them difficult to interpret. A line drawing of the device would be a better choice of graphic, and would allow the inclusion of dimension information that is currently presented in text. The graphic of the solenoid is unnecessary. I have a number of questions about the use of the device which need to be addressed in the text: * How is the "foot axis" defined? How is the angle between the foot axis and the drop axis measured?
>>" The foot axis is defined as the line joining the heel and second metatarsal head." (line 58-59)
* How is the position of the foot on the disc standardized? Its distance from the axis of rotation will affect initial standing posture and also the biomechanics of the drop.
>> The position of the foot on the disc is fixed for consistency. "The foot is placed on the rotating disc with the foot axis parallel to the dotted line on the disc and the lateral edge of the foot is aligning on the dotted line." (line 59-61).
* I assume the foot slips off the surface after the trapdoor drops; how is it placed back into the same position repeatably? >> "Double-sided tape (not shown in the figure) was put on the rotating disc to prevent slippage." (line 61-62 In your plots of ankle kinematics: * I think your measures of inversion/eversion and internal/external rotation are reversed (mislabeled). >>Revised.
* The text at the bottom of the plot should be placed in a caption. >>Revised.
* The title "Supination Sprain" should be removed. The Discussion can be expanded considerably: * Can the relationship between increasing supination angle and increasing plantarflexion motion be explained on a anatomical level? It appears that plantarflexion motion peaks at 67° supination angle, and decreased when the axis aligns with a pure plantarflexion axis. This deserves further discussion.
>> The supination angle is also named as the platform angle (), when the platform angle increases, the rotation axis of the platform will tends to coinside to the plantarflexion/ dorsiflexion axis, therefore the plantarflexion angles increases with the platform angle. However, the variation of the position of ankle axis is great across individuals (Hertel, 2002) . Therefore, the plantarflexion/dorsiflexion axis of the tested subjects is slightly oblique. From the result, the plantarflexion/dorsiflexion axis of the tested subjects is slightly oblique and coincide with the rotating axis of the sprain simulator when platform angle equals to 67 degrees. (line 119-124) * I would be interested in hearing about specific applications of this device. Can you give examples of the "wide variety of sub-injury ankle sprains" to be considered? >> "Other application included study peroneal muscle function and reaction time (Konradsen and Ravn, 1991; Karlsson et al., 1992; Myers et al., 2003) , or to evaluate the protective effects of braces or bracing (Cordova and Ingersoll, 2003) , tape and footwear (Ottaviani et al., 1995) ." (line 34-38 Response to Reviewer 3 Reviewer 3 comments to Author… General Comments: The authors should be commended in the development of a novel device for the study of ankle joint sprain kinematics. The authors are correct to point out that no other published research methodology has described a device which allows a combination of ankle joint plantar flexion and inversion from an anatomical neutral position.
Specific comments: Starting with Page 2, with ABSTRACT being line 1. Line 3: perhaps insert "joint" following ankle and "a" following during >>Revised.
Line 4: Insert "an" following in >>Revised.
Line 5: Insert "s" to make degree = degrees, insert "a" following or to make "a combination of" >>Revised.
Line 8: kinematics "were" reported instead of was reported >>Revised.
Lines 11-12: Please consider something such as the following -The presented sprain simulator allows a more comprehensive study of the kinematics of ankle sprain when compared with some previous laboratory research designs. >>Revised.
Line 18: Consider replacing mechanism in with "mechanism accounting for" >>Revised.
Line 19: injury should be "injuries" >>Revised.
Line 20: Consider replacing were commonly used with "have previously been used" >>Revised. Line 24: Consider replacing However, most of these equipments with "However, equipment used in the aforementioned research" >>Revised.
Line 32: Please insert "neutral" after the word anatomical >>Revised.
Line 32: Please consider replacing the spraining motion, with " the unexpected perturbation was induced" >>Revised. (Konradsen and Ravn, 1991; Karlsson et al., 1992; Myers et al., 2003) , or to evaluate the protective effects of braces or bracing (Cordova and Ingersoll, 2003) , tape and footwear (Ottaviani et al., 1995) ."
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Line 42/43: This sentence does not read correctly and should read potentially as follows. "The L-shape design is to remove the front-medial corner in order to allow the close approximation of two supination sprain simulators" >>Revised.
Line 45: Replace trapdoors is at with "trapdoors are at" >>Revised.
Line 46: Insert "the" after the word at >>Revised.
Line 58: It states that the maximum angular displacement of the platform is 30 degrees. I would like the authors to clarify if this is in each plane of motion (sagittal and frontal). The device being used can induce a combination of movements. Also it would be important for the authors to discuss the potential limitations of a 30 degrees perturbation angle. Does this replicate the degree of motion that insues during an ankle sprain mechanism? For a comprehensive discussion of this issue the authors should refer to Vaes Line 63: I have one reservation about the description given here and that is how the authors describe the angles of perturbation. They are labeled as follows (inversion, 23-degree supination, 45-degree supination, 67-degree supination, plantarflexion). This could be confusing considering that it states in lines 58 how "the maximum angular displacement of the platform is 30 degrees". I feel that the labeling used here is misleading and perhaps would be better labeled similar to as follows (parallel to the long axis of the foot, rotated 23 degrees relative to the long axis of the foot, etc, etc, perpendicular to the long axis of the foot).
>> To make the angles more easily to read, the angle between the foot axis and rotation axis of the sprain simulator is named as the "platform angle" (). Words such as "inversion", "supination" and "plantarflexion" are avoided in the angle description. For the "the maximum angular displacement of the platform is 30 degrees", it has been changed to "The maximum angular perturbation of the platform is 30 degrees" to avoid misconception.
Line 64: Please insert "the" after at to form at the lateral femoral >>Revised.
Lines 64/65: The authors should clarify if this is a validated marker placement set-up.
>> Details of the marker set added in line 88-99. It is a validated marker set founded in Vaughan et al., 1992. A 3D reference system is formed by the location of reflective skin markers: The origin of foot segment was set at the lateral malleolus. The three markers at the right fifth metatarsal head, right heel and right lateral malleolus form the transverse plane. The internal/external rotation axis is perpendicular to this plane. The frontal-plane motion, therefore, the inversion/ eversion axis is parallel to the line joining the right heel and right fifth metatarsal head. The sagittal-plane motion, therefore the plantarflexion/dorsiflexion axis is orthogonal to the internal/external rotation and inversion/eversion axis. The steady upright anatomical standing posture was set as the offset angle in the presentation of the changes of ankle joint kinematics.
Line 69: The authors should provide the reader with information about the kinematics sampling frequency.
>> Kinematics sampling frequency of 120Hz was added in line 88-90.
Line 72: The ankle joint angle should be replaced by "The ankle joint kinematics were" >>Revised.
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Line 99: Please list references in chronological order >>Revised.
Line 107: for the study should be replaced by "of studying" >>Revised.
The readers should be given some information about the potential future application of the device for ankle sprain research purposes. What particular information will the authors gather in the future and how this will enhance the biomechanical understanding of ankle sprain injury mechanisms? >> Further application of the sprain simulator were included in the introduction part (line 34-38) and therefore not repeated in discussion. This study presents a free-fall mechanical supination sprain simulator for evaluating 2 the ankle joint kinematics during a simulated ankle supination sprain injury. The 3 device allows the foot to be in an anatomical position before the sudden motion, and 4 also allows different degrees of supination, or a combination of inversion and 5 plantarflexion. Five subjects performed simulated supination sprain trials in five 6 different supination angles. Ankle motion was captured by a motion analysis system, 7 and the ankle kinematics were reported in plantarflexion/dorsiflexion, 8 inversion/eversion and internal/external rotation planes. Results showed that all sprain 9 motions were not pure single-plane motions but were accompanied by motion in other 10 two planes, therefore, different degrees of supination were achieved. The presented 11 sprain simulator allows a more comprehensive study of the kinematics of ankle sprain 12 when compared with some previous laboratory research designs. 13 14
Keywords: biomechanics, inversion platform 15 INTRODUCTION 17
Ankle supination sprain is the most common injury mechanism accounting for 84% of 18 all sport-related ankle injures (Fong et al., 2007) . In order to study the kinematics of 19 ankle supination sprain motion, trap-door or tilting inversion platforms have 20 previously been used in various previous studies. However, equipment used in the 21 aforementioned research introduces a pure inversion ankle motion in the human 22 anatomical frontal plane. Since different combination of plantarflexion and inversion 23
angles have different effect on the probability of ankle sprain to take place (Wright et 24 al., 2000) , it is essential to design a device to initiate ankle supination instead of just 25 inversion to better study the ankle sprain kinematics. In the current literature, few 26 similar devices, which allow two planes of motions, were designed (Vaes et al., 1998; 27 Ricard et al., 2000) . These modified inversion platforms allow the feet to be put at 28 anatomical position to some ankle plantarflexion, thus forming a combined supination 29 motion at subinjury level. However, in using these devices, the feet were already in 30 plantarflexed orientations instead of anatomical neutral positions before the 31 unexpected perturbation was induced. This paper presents a simple free-fall 32 mechanical supination sprain simulator for studying ankle sprain kinematics in 33 sub-injury level. 
METHODS

44
The supination sprain simulator (for right foot) is shown in Figure 1 . It consists of a 45 L-shape supporting frame which is 0.34m in width and 0.25m in height (Figure 2a ) 46 and a L-shape platform with a rotating disc (radius = 0.155m) on top (Figure 2b ). The 47 L-shape design is to remove the front-medial corner in order to allow the close 48 approximation of two supination sprain simulators (Figure 3a ). There is a screw 49 beneath the platform to fix the rotating disc after adjusting to required angle. The 50 platform is attached on the supporting frame at the rotation axis at medial edge 51 (Figure 1) . A pair of trapdoors are at the lateral edge to support the platform, which is 52 controlled by a solenoid shutter located at the front-lateral corner (Figure 1 ). When an 53 electric current passes through the solenoid, it triggers on a magnetic field to pull off 54 the shutter that holds the trapdoors. Then the platform falls from the lateral edge to 55 introduce a sudden ankle motion. 56 57
The standing position of the foot on the rotating disc is shown in Figure 1 . The foot 58 axis is defined as the line joining the heel and second metatarsal head. The foot is 59 placed on the rotating disc with the foot axis parallel to the dotted line on the disc and 60 the lateral edge of the foot is aligning on the dotted line. Double-sided tape (not 61 shown in the figure) was put on the rotating disc to prevent slippage. We define the 62 angle between the foot axis and the rotation axis on the sprain simulator as platform 63 angle (). When platform angle equals to 0 degree, the supination sprain simulator 64 provides a rather pure inversion motion as the foot axis is in parallel with the rotation 65 axis (Figure 3a) . If the disc is rotated clockwise, or in relative, the supporting frame 66 and platform are rotated anti-clockwise, the foot axis starts to make an angle with the 67 rotating axis, platform angle increases and thus a supination motion is introduced 68 (Figure 3a) . If the frame and platform are further rotated to platform angle equals to 69 90 degrees, the device provides a rather pure plantarflexion (Figure 3a ). There are 70 marks on the rotating disc, each with a 5 degrees separation, for the ease of 71 adjustment of disc position. The maximum angular perturbation of the platform is 30 72 degrees along the rotation axis. From the literature, gross failure of anterior talofibular 73 ligament at a mean inversion angle of 34.6 ± 5.6 degrees (Aydogan et al., 2006) . 74 Therefore, the 30 degrees perturbation angle allows sub-injury ankle sprain motion to 75 be performed repetitively in a safe and ethical condition. Another supination sprain 76 
Figure legends
